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Abstract 

The  three  published  volumes  on  "Atomic  Energy  Levels,"  NBS  Circ.  467,  contain 
for  each  spectrum  the  bibliography  that  was  used  in  compiling  the  data.  The  present 
work  is  a  continuation  of  these  bibliographies  arranged  in  the  same  form.  The  time 
interval  is  the  span  from  the  respective  dates  of  the  earlier  publications  to  the  present. 
The  selection  of  references  is  restricted  to  those  needed  for  the  preparation  of  revised 
tables  of  atomic  energy  levels  and  multiplets. 

The  bibliography  is  being  published  by  Sections,  each  of  which  covers  the  same 
elements  as  the  respective  volumes  of  AEL.  Section  1  was  issued  in  September  1968; 
it  contains  references  for  the  elements  'H  through  "V,  corresponding  to  AEL  Volume  I. 

The  present  Section  is  similarly  arranged,  giving  references  to  the  spectra  of  the 
elements  s'Cr  through  "Nb,  corresponding  to  AEL  Volume  II.  For  a  given  element  the 
spectra  are  listed  in  order  of  increasing  stage  of  ionization. 

The  original  papers  have  been  examined  for  nearly  all  of  the  quoted  references. 

KeyWords:  Spectra,  Atomic;  Analyses  of  Atomic  Spectra;  Elements,  Spectra 
of  Cr  through  Nb;  Bibliography,  Atomic  Spectra;  Atomic  Spectra, 
Cr  through  Nb:  References  to  Atomic  Spectra. 


Library  of  Congress  Catalog  Card  Number:  68-62107 


ii 


Index  to  Spectra 


Element 

Z          Spectrum 

Page 

Element 

Z         Spectrum 

Page 

Chromium 

24         Crl 

1 

Iron 

26           Fei 

12 

Cm 

1 

Fen 

13 

Cr  III 

2 

Fein 

14 

Criv 

2 

Ferv 

14 

Crv 

2 

Fev 

15 

Crvi 

2 

Fevi 

15 

Crvn 

3 

Fevn 

15 

Cr  vin 

3 

Fe  vin 

15 

Crix 

4 

Feix 

16 

Crx 

4 

Fex 

17 

Crxi 

4 

Fexi 

17 

Crxn 

5 

Fexn 

18 

Cr  xiii 

5 

Fe  xiii 

19 

Cr  xiv 

5 

Fexiv 

19 

CrXV 

5 

Fexv 

20 

Cr  xvi 

6 

Fe  xvi 

20 

Cr  xxin 

6 

Fe  xvii 
Fe  xviii 

21 

21 

Manganese 

25         Mm 

6 

Fexix 

21 

Mnll 

7 

Fe  xx 

21 

Mnm 

7 

Fexxi 

22 

Mniv 

8 

Fe  xxn 

22 

Mnv 

8 

Fe  xxin 

22 

Mnvi 

8 

Fe  xxiv 

22 

Mnvn 

9 

Fexxv 

22 

Mn  vill 

9 

Fe  xxvi 

22 

Mnix 

9 

Mnx 

10 

Cobalt 

27           Col 

23 

Mnxi 

10 

Con 

23 

Mn  xn 

10 

Co  in 

23 

Mn,  XIII 

10 

Corv 

24 

Mn  xiv 

11 

Co  vi 

24 

Mnxv 

11 

Co  vn 

24 

Mn  xvi 

11 

Co  vin 

24 

Mn  xvii 

11 

Co  ix 

24 

Mn  xxiv 

11 

Cox 
Co  xi 
Co  xn 
Co  xvii 
Co  xviii 
Co  xix 
Co  xxvi 

24 
25 
25 
25 
25 
26 
26 

III 


Index  to  Spectra — Continued 


Element 


Z  Spectrum  Page 


Nickel 


28 


Copper 


29 


Zinc 


30 


Nil 

26 

Nin 

27 

Ni  III 

27 

Ni  IV 

28 

Ni  vii 

28 

Ni  viii 

28 

Niix 

28 

Nix 

29 

Nixi 

29 

Nixil 

30 

Ni  xiii 

30 

Nixiv 

31 

Nixv 

31 

Ni  xvn 

31 

Ni  xviii 

31 

Ni  xix 

31 

Ni  xx 

32 

Ni  xxvii 

32 

Oil  I 

32 

Cull 

33 

Cum 

33 

Ou  IV 

34 

Cux 

34 

Cuxi 

34 

Cuxn 

34 

Cuxix 

34 

Cuxx 

34 

Cu  xxi 

35 

Cu  xxviii 

35 

Zni 

35 

Znii 

36 

Znlil 

36 

ZnlV 

36 

Znxi 

36 

ZnXll 

36 

Zn  Xiii 

37 

Znxx 

37 

Znxxi 

37 

Zn  xxix 

37 

Element 


Spectrum 


Page 


Gallium 


Germanium 


Arsenic 


31 


32 


33 


Selenium 


34 


Bromine 


35 


Krypton 


36 


Gal 
Gail 
Gaiv 
Gav 

Gel 

Gen 

GeVl 


37 

38 
38 
38 

39 
40 
40 


As  I 

41 

As  II 

41 

As  in 

41 

As  iv 

41 

As  vii 

42 

Sei 

42 

Sen 

42 

Sem 

42 

Seiv 

42 

Sev 

42 

Se  vin 

43 

Br  I 

43 

Br  II 

44 

Brill 

44 

Br  iv 

44 

Brv 

44 

Br  vi 

44 

Br  VII 

45 

Br  IX 

45 

Kri 

45 

Km 

48 

Krlil 

48 

Kriv 

49 

Krv 

49 

Krvi 

49 

Krvn 

49 

Kr  VIII 

49 

Krix 

49 

Krx 

50 

IV 


Index  to  Spectra — Continued 


Element 

z 

Spectrum 

Page 

Element 

z 

Spectrum 

Page 

Rubidium 

37 

Rbi 

50 

Zirconium 

40 

Zn 

55 

Rbn 

51 

Zrll 

55 

Rbxi 

51 

Zr  ill 
Zriv 

55 

56 

Strontium 

38 

Sri 

51 

Zrv 

56 

Srii 

52 

Zrvi 

56 

Sr  in 

52 

Zrvn 

56 

Sriv 

52 

Zr  viii 

56 

Srxn 

53 

Zrix 

Zrxiv 

56 
56 

Yttrium 

39 

Yl 

53 

Yll 

53 

Niobium 

41 

Nbi 

57 

Ym 

54 

Nbn 

57 

Yiv 

54 

Nbm 

57 

Yv 

54 

Nbv 

57 

Yxm 

54 

Bibliography 


on 


The  Analyses  of  Optical  Atomic  Spectra 
Charlotte  E.  Moore 


The  present  bibliography  is  a  continuation  of 
the  work  published  in  September  1968  [l].1 
Selected  references  are  listed  to  meet  a  steady 
demand  for  data  on  atomic  spectra.  No  attempt 
has  been  made  to  publish  complete  reference 
lists  on  atomic  spectra  including  numerous 
specialized  subjects.  Those  listed  have  been 
chosen  for  individual  spectra  on  the  same  basis 
of  selection  as  was  used  for  the  Volumes  on 
"Atomic  Energy  Levels"  [2].  They  are  refer- 
ences that  deal  with  the  outer  structure  of 
atoms  as  revealed  by  their  optical  spectra.  They 
cover  the  time  interval  between  the  publication 
of  the  respective  Volumes  of  "Atomic  Energy 
Levels"  and  the  present  time. 

Section  1  1 1 1  dealt  with  the  elements  1H 
through  23V  from  1949  to  the  middle  of  1968. 
Earlier  references  were  given  in  "Atomic 
Energy  Levels"  Volume  I.  The  present  Section, 
No.  2  in  the  Series,  covers  the  elements  24Cr 
through  41Nb,  corresponding  to  Volume  II, 
which  was  issued  in  1952. 

As  in  Section  1  the  content  of  individual 
papers  is  briefly  described  by  key  letters  or 
words.  The  letters  have  the  following  meanings : 

C  L  Classified  lines 

Energy  level  diagram 
Grotrian  diagram 
Ionization  potential 
Isotope  shift 
Terms 

(and/  or  energy  levels) 
Wavelength 
Zeeman  effect 
Forbidden  transitions 
Hyperfine  structure 
Oscillator  strength 

x  Correction  connecting  sets 

of    terms    of    different 
multiplicities 

The  letters  "A"  and  "L"  entered  in  paren- 
theses before  the  date  of  the  reference  denote, 
respectively,  that  the  paper  is  an  "Abstract"  or 
a  "Letter  to  the  Editor." 

In  general,  the  references  have  been  selected 
as  those  needed  to  revise  and  extend  the  author's 
Tables  of  Atomic  Energy  Levels  [2]  and  Multi- 
plets  [3]  [41  [5].  They  refer  mostly  to  labora- 
tory observations  and  analyses.  There  are  a  few 
special  cases  where  forbidden  lines  observed  in 
coronal  or  nebular  spectra  provide  reliable  in- 
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1  Figures  in  brackets  indicate  the  literature  references  on  page  VII. 


formation  on  intervals  of  ground  terms  of  se- 
lected spectra.  Similarly,  some  papers  on  theo- 
retical work  are  also  extremely  useful.  Such 
references  are  included. 

A  limited  number  of  scattered  references  on 
related  topics  such  as  hyperfine  structure,  Stark 
Effect,  Isotope  Shift,  etc.,  are  also  included,  but 
no  effort  has  been  made  to  cover  these  related 
subjects  completely. 

In  tabulating  the  references  for  a  given  spec- 
trum the  overall  plan  has  been  to  arrange  them 
in  alphabetical  order  by  author  and  by  year, 
starting  with  the  earlier  papers.  Owing  to  the 
use  of  the  photographic  method  for  publication, 
this  order  has  not  been  followed  strictly.  If  ex- 
cellent reference  material  became  available  af- 
ter the  final  typing  had  been  completed,  addi- 
tional references  were  inserted  under  the 
proper  spectra  where  space  permitted.  This  has 
introduced  some  irregularities  in  arrangement, 
but  it  has  also  made  the  bibliography  more  use- 
ful. 

Nearly  all  of  the  references  quoted  here  have 
been  examined  by  the  author.  Only  a  few  which 
were  not  available  have  been  copied  on  the  basis 
of  abstracts  found  in  the  literature. 

The  author  is  grateful  to  all  who  have  gener- 
ously contributed  material  for  inclusion  here. 
Some  have  made  special  effort  to  furnish  cur- 
rent references  and  reprints,  and  to  outline  pro- 
grams in  progress  in  various  laboratories. 
B.  Edlen  and  L.  Minnhagen  have  kindly  sug- 
gested important  corrections  in  the  manuscript, 
which  are  much  appreciated.  Special  thanks  are 
due,  also,  to  Isabel  D.  Murray  for  her  meticulous 
care  in  preparing  the  press  copy  of  the  manu- 
script. 
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P.  E.  Noorman  and  J.  Schrijver,  Physica  32,  357  to  359  (L)  (1966).  Theory 


Cu  x 

E.   Alexander,   U.   Feldman,  B.   S.   Fraenkel  and  S.   Hoory,   J.   Opt.   Soc.   Am. 
56,  651  to  652   (1966).     T,  C  L 

M.  Even-Zohar  and  B.   S.    Fraenkel,   J.   Opt.   Soc.   Am.    58,   ll*20  to  li|21  (L) 
(1968).      C  L 


Cu  xi 

E.   Alexander,   U.   Feldman  and  B.   S.   Fraenkel,   J.   Opt.   Soc.   Am.    ^}   650  to 
653   (1965).     T,   C  L 

M.  Even-Zohar  and  B.   S.   Fraenkel,   J„   Opt.   Soc.  Am.   58,   ll|20  to  1U21  (L) 
(1968).    C  L,  W  L  "~ 


Cu  xii 

M.  Even-Zohar  and  B.   S.   Fraenkel,   J.   Opt.   Soc.  Am.   58,   li|20  to  1U21  (L) 
(1968).      C  L  ""- 


Cu  xix 

U.  Feldman  and  L.  Cohen,  J.  Opt.  Soc.  Am.  57,  1128  to  1129  (1967).  C  L 

U.  Feldman,  L.  Cohen  and  M.  Swartz,  J.  Opt.  Soc.  Am.  57,  535  to  536 
(1967).  T,  C  L 

Cu  xx 

U.  Feldman  and  L.  Cohen,  J.  Opt.  Soc.  Am.  57,  1128  to  1129  (1967).   C  L 

U.  Feldman  and  L.  Cohen,  Astroph.  J.  Ih9,  265  to  267  (1967).  C  L 

U«  Feldman,  L.  Cohen  and  M.  Swartz,  Astroph.  J.  1U8,  585  to  587  (1967). 
T,  C  L 

3U 


COPPER 
Cu  xxi 


L.  Cohen,  U.  Feldman  and  S.  0.  Kastner,  J.  Opt.  Soc.  Am.  58,  331  to  33U 
(1968).  C  L 


Cu  xxviii 


L.  Cohen,  U.  Feldman,  M.  Swartz  and  J.  H.  Underwood,  J.  Opt.  Soc.  Am.  58, 
8U3  to  8U6  (1968).  C  L 


ZINC  (Z  =  30) 

Zn  i 

W.  R.  S.  Garton  and  A.  Rajaratnam,  Proc.  Phys.  Soc.  London  [A]  68,  1107 
to  1112  (1955).  T,  C  L  ~~ 

G.  F.  Hately  and  T.  A.  Littlefield,  J.  Opt.  Soc.  Am.  U8,  85l  to  853 
(1958).   C  L,  I  S,  W  L 

R.  A.  Fisher,  W.  C.  Knopf,  Jr.  and  F.  E.  Kinney,  Astroph.  J.  130,  683  to 
687  (1959).  C  L  Infrared 

H.  Muntenbruch,  Spectrochim.  Acta  16,  1031  to  1039 (I960).  Stark  Effect 

H.  Muntenbruch,  Spectrochim.  Acta  16,  10U0  to  1053  (I960).  T,  [C  L],  C  L,  W  L 

A.  Bardocz,  U.  M.  Vanyek  and  T.  Voros,  J.  Opt.  Soc.  Am.  5l,  283  to  288 
(1961).  W  L  Shift 

R.  H.  Garstang,  J.  Opt.  Soc.  Am.  52,  81*5  to  85l  (1962).   C  L,  hfs 

A.  Lurio,  Phys.  Rev.  126,  1678  to  1673  (1962).  hfs 

A.  Landman  and  R.  Novick,  Phys.  Rev.  13U,  A56  to  A65  (196It).  hfs 

J.  Hingsammer,  L.  Krauss  and  H.  Krempl,  Zeit.  Naturforsch.  20B,  189  to 
192  (1965).  G  D 

W.  R.  S.  Garton  and  J.  P.  Connerade,  Astroph.  J.,  in  press  (1968).  Series 
Vac.  Ultraviolet 

I.  Johansson  and  R.  Contreras,  Ark.  Fys.  (Stockholm)  37,  No.  31,  513  to 
520  (1968).   I  P,  T,  C  L,  W  L 
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ZINC 

Zn  ii 

G.  Racah,  Bull.  Research  Council  Israel  3,  290  to  298  (195U).  Theory 

G.  Racah  and  Y.  Shadmi,  Bull.  Research  Council  Israel  8F,  15  to  U6  (1959). 
Theory 

F.  Les  and  Z.  Les,  Acta  Phys.  Polonica  23,  795  to  800  (1963).   I  S 

W.  T.  Silfvast,  G.  R.  Fowler  and  B.  D.  Hopkins,  Appl.  Phys.  Lett.  8,  318 
to  319  (1966).  Laser  Transitions 

A.  M.  Crooker  and  K.  A.  Dick,  Canadian  J.  Phys.  U6,  121a  to  1251  (1968). 
T,  C  L,  W  L 


Zn  in 
Y.  Shadmi,  Bull.  Research  Council  Israel  10F,  109  to  132  (1962).   Theory 
K.  A.  Dick,  Canadian  J.  Phys.  I46,  1291  to  1302  (1968).  I  P,  T,  C  L,  IN  L,  F>  D 


Zn  iv 

A.  M.  Crooker  and  K.  A.  Dick,  Canadian  J.  Phys.  <b2,  766  to  778  (I96U); 
U6,  12U1  to  1251  (1968).  T,  C  L,  W  L 


Zn  viii 

K.  Alexander,  B.  S.  Fraenkel,  U.  Feldman,  A.  Jacobs  and  J.  Makovky, 
J.  Qu.  Spectr.  Rad.  Transfer  2,  725  to  728  (1962).  C  L 


Zn  xi 

M.   T^Ven-Zohar  and  B.   S.    Fraenkel,   J.    Opt.   Soc.   Am.    58,   la20  to  lij.21  (L) 
(1968).     C  L 


Zn 


XII 


M.    Even-Zohar  and  B.   S.    Fraenkel,   J.    Opt.    Soc.   Am.    58,   ll|20  to  1^21  (L) 
(1968).      C  L 
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ZINC 
Zn  xiii 


M.  Even-Zohar  and  B.    S.    Fraenkel,   J.   Opt.   Soc.   Am.    58,   ll|20  to  ll|21   (l) 
(1968).      C  L 


Zn  xx 

U.  Feldman,  L.  Cohen  and  M.  Swartz,  J.  Got.  Soc.  Am.  57,  535  to  536  (1?67\ 
T,  C  L 


Zn  xxi 

U.  Feldman,  L.  Cohen  and  M.  Swartz,  Astroph.  J.  11+8,  585  to  587  (1967). 
T,  C  L 


Zn  xxix 


L.  Cohen,  IL  Feldman,  M.  Swartz  and  J.  H.  Underwood,  J.  Opt.  Soc.  Am.  58, 
8U3  to  8U6  (1968).   C  L 


GALLIUM  (Z  =  31) 

Ga  1 

W.  R.  S.  Garton,  Proc.  Phys.  Soc.  London  [A]  65,  268  to  2  76  (1952).   T, 
C  L 

D.  A.  Jackson,  Phys.  Rev.  103,  1738  to  1739  (1956).   hfs,  IS 

C.  E.  Moore  and  P.  W.  Merrill,  Appendix  A:  Partial  Grotrian  Diagrams 
(1956);  Nat.  Std.  Ref.  Data  Series,  Nat.  Bur.  Std.  NSRDS-NBS  23,  23 
(1968).   C  L 
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GALLIUM 

Ga  i  —  Continued 

W.  J.  Childs,  L.  S.  Goodman  and  L.  J.  Kieffer,  Phys.  Rev.  120,  2138  to 
21U6  (I960),  hfs 

W.  R.  S.  Garton,  J.  Quant.  Spectrosc.  and  Rad.  Transfer  2,  335  to  3Ul 
(1962).   Series,  Autoionization 

W.  R.  S.  Garton,  Harvard  Coll.  Obs.  Sci.  Report  No.  6,  lU  pp.  (1965). 
Autoionization 

N.  P.  Penkin  and  L.  N.  Shabanova,  Opt.  i  Spektr.  18,  7h9  to  755  (1965). 
I  P,  Absorption  Series 

I.  Johansson  and  U.  Litzen,  Ark.  Fys.  (Stockholm)  3h,   No.  U6,  573  to  587 
(1967).   I  P,  T,  C  L,  W  L 

M.  G.  Kozlov  and  C.  P.  Startsev,  Opt.  i  Spektr.  22,  670  to  671  (1967). 
Autoionization 


Ga  11 

W.  P.  Bidelman  and  C  H.  Corliss,  Astrophys.  J.  135,  968  to  969  (1962). 
C  L,  W  L 


Ga  iv 
P.  E.  Noorman  and  J.  Schrijver,  Physica  36,  5U7  to  556  (1967).  Theory 


Ga  v 
E.  Ya.  Kononov,  Opt.  i  Spektros.  23,  170  to  172  (1967).  T,  C  L 
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GERMANIUM  (Z  =  32) 
Ge  i 

G.  V.  Deverall,  K.  W.  Meissner  and  G.  J.  Zissis,  Phys.  Rev.  [2]  95,  1U63 
to  lh68  (19 5h).     T,  C  L,  Interf .  W  L,  I  S 

S.  Yanagawa,  J.  Phys.  Soc.  Japan  10,  1029  to  1032  (1955).  Theory 

R.  D.  Van  Veld  and  K.  W.  Meissner,  J.  Opt.  Soc.  Am.  U6,  598  to  60U  (1956). 
T,  C  L,  Interf.  W  L 

K.  L»  Andrew  and  K.  W.  Meissner,  J.  Opt.  Soc.  Am.  U7,  850  to  852  (1957). 
T,  C  L 

K.  L.  Andrew  and  K.  W.  Meissner,  J.  Opt.  Soc.  Am.  U8,  31  to  33  (1958). 
T,  C  L,  W  L  Vac.  Ultraviolet 

M.  A.  Catalan  y  F.  R.  Rico,  An.  Real  Soc.  Esp.  Fis.  y  Quim.  (Madrid)  [A] 
5U ,  301  to  308  (1958).  I  p 

K.  W.  Meissner,  R.  D.  Van  Veld  and  P.  G.  Wilkinson,  J.  Opt.  Soc.  Am.  U8, 
1001  to  1006  (1958).  WL  Vac.  Ultraviolet 

K.  L.  Andrew  and  K.  W.  Meissner,  J.  Opt.  Soc.  Am.  U9,  1U6  to  161  (1959). 
I  P,  T,  C  L,  W  L,  E  D 

C.  J.  Humphreys  and  E.  Paul,  Jr.,  NAVWKPS  Report  7157,  15  to  2U  (I960); 
721U,  23  to  28  (1961).  T,  C  L,  W  L  Infrared 

V.  Kaufman  and  K.  L.  Andrew,  J.  Opt.  Soc.  Am.  52,  1223  to  1237  (1962). 
T,  C  L,  Interf.  W  L 

L.  Minnhagen,  J.  Opt.  Soc.  Am.  5U,  320  to  322  (1963).  Stark  Effect 

P.  G.  Wilkinson  and  K.  L.  Andrew,  J.  Opt.  Soc.  Am.  53,  710  to  717  (1963). 
W  L 

W.  J.  Childs  and  L.  S.  Goodman,  Phys.  Rev.  13U,  A66  to  A69  (196U).  Z  E 


R.  K.  Gars tang,  Proc.  Phys.  Soc.  London  8U,  175  to  176  (l)  (196U).   Z  E 
Theory 

C.  Jo  Humphreys  and  K.  L.  Andrew,  J.  Opt.  Soc.  Am.  5U,  113U  to  llhO 
(196U).  T,  C  L,  W  L  Infrared 

M.  Wilson,  Thesis,  unpublished  (196U).  T,  Absorption  Series  Vac.  Ultra- 
violet 
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GERMANIUM 
Ge  i  —  Continued 

K.    Heilig,   D.   Riesner  and  A.    Steudel,   J.    Opt.   Soc.   Am.    56,   lij.06  to  1U07 
(L)   (1966).      IS  ~~ 

K.   L.   Andrew,  R.   D.    Cowan  and  A.   Giacchetti,   J.    Opt.   Soc.   Am.    57,    7l5  to 
727  (1967).     Z  E  ~" 

G.   M.   Lawrence,  Astroph.   J.  H48,   26l  to  268   (1967).     Theory 


Ge  11 

K.  W.  Meissner,  R.  D.  Van  Veld  and  P.  G.  Wilkinson,  J.  Opt.  Soc.  Am.  I4.8, 
1001  to  1006  (1958).  T,  C  L,  W  L  Vac.  Ultraviolet 

K.  L.  Andrew  and  K.  W.  Meissner,  J.  Opt.  Soc.  Am.  U9,  1086  to  1087  (1959)- 
T,  C  L,  W  L 

V.  Kaufman  and  K.  L.  Andrew,  J.  Opt.  Soc.  Am.  52,  1223  to  1237  (1962). 
I  P,  T,  C  L  Interf.  W  L 

A.  G.  Shenstone,  Proc.  Roy.  Soc.  London  A276,  293  to  307  (1963).   I  P,  T, 
C  L,  W  L  Series 

P.  G.  Wilkinson  and  K.  L.  Andrew,  J.  Opt.  Soc.  Am.  53,  710  to  7l7  (1963). 
T,  C  L,  W  L 

V.  Kaufman  and  J.  F.  Ward,  J.  Opt.  Soc.  Am.  56,  1591  to  1597  (1966).  T, 
C  L,  W  L  Vac.  Ultraviolet 

W.  T.  Silfvast,  G.  R.  Fowles  and  B.  D.  Hopkins,  Appl.  Phys.  Lett.  8,  318 
to  319  (1966).  Laser  Transitions 

K.  L.  Andrew,  R.  D.  Cowan  and  A6  Giacchetti,  J.  Opt.  Soc.  Am.  57,  7l5  to 
727  (1967).  Z  S  ~~~ 


Ge  vi 
I.  Ya  Kononov,  Opt.  i  Spektr.  23,  170  to  172  (1967).  T,  C  L 


Uo 


ARSENIC  (Z  =  33) 
As  i 

J.  W.  Bichard  and  J.  C.  Giles,  Can.  J.  Phys.  UO,  ll|80  to  1U89  (1962). 
Abs.  Spectra 

M.  Hults  and  S.  Mrozowski,  J.  Opt.  Soc.  Am.  5H,  855  to  858  (196U).  hfs 

J.  Mo  Pendlebury,  Proc.  Phys.  Soc.  (London)  8U,  857  to  866  (1961;).  hfs 
Theory 

J.  M.  Pendlebury  and  K.  F.  Smith,  Proc.  Phys.  Soc.  (London)  8U,  8U9  to 
856  (1961*).  hfs 

G.  M.  Lawrence,  Astroph.  J.  ll*8,  26l  to  268  (1967).  Theory 


As  ii 
S.  Yanagawa,  J.  Phys.  Soc.  Japan  10,  1029  to  1032  (1955).  Theory 

R.  B.  Bedford  and  A.  M.  Crooker,  Bull.  Am.  Phys.  Soc.  [2]  3,  321  (A) 
(1958).  Report  unpublished  analysis 

M.  A.  Catalan  y  F.  R.  Rico,  An.  Real  Soc.  Esp.  Fis.  y  Quim.  (Madrid)  [A] 
5h,  301  to  308  (1958).  I  p 

K.  Murakawa,  Phys.  Rev.  110,  393  to  396  (1958).  hfs 

W.  E.  Bell,  A.  L.  Bloom  and  J.  P.  Goldsb rough,  IEEE  J.  Qu.  Electronics 
QE-1,  1*00  (1965).  Laser  Trans. 


As  in 

R.  E.  Bedford  and  A.  M.  Crooker,  Phys.  Rev.  \^2]   £6,  81*5  (A)  (195U).  T, 
Report  unpublished  analysis 


As  iv 


R.  E.  Bedford  and  A.  M.  Crooker,  Phys.  Rev.  [2]  96,  8U5  (A)  (195U).  T, 
Report  unpublished  analysis 


Ul 


ARSENIC 

As  vii 

L.    I.   Zvereva  and  E.   Ya  Kononov,   Opt.   i  Spektr.  2k,   827  to  829   (1968). 
T,    C  L 


SELENIUM  (Z  =  34) 
Se  i 
G.   M.   Lawrence,  Astroph.    J.   lU8,   26l  to  268   (1967).     Theory 


Se  ii 


M.  A.  Catalan  y  F.  R.  Rico,  An.  Real  Soc.  Ssp.  Fis.  y  Quim.  (Madrid)  [A] 
5U,  301  to  308  (1958).   I  P 

W.  E.  Bell,  A.  L.  Bloom  and  J.  P.  Goldsbrough,  IEEE  J.  Qu.  Electronics 
QE-1,  U00  (1965).   Laser  Trans. 


Se  in 

A.  M.  Crooker,  unpublished  analysis  (1962). 

Se  iv 
A.  M.  Crooker,  unpublished  analysis  (1962). 

Se  v 
W.  Finkelnburg  und  W.  Humbach,  Naturwiss.  Ug,  35  to  37  (1955).   I  P 
A.  M.  Crooker,  unpublished  analysis  (1962). 

U2 


SELENIUM 

Se  viii 

L.    I.  Zvereva  and  S.   Ya  Kononov,   Opt.   i  Spektr.  2k,   82  7  to  829   (1968). 
T,   C  L 


BROMINE  (Z  =35) 
Br  i 

M.   A.   Catalan  y  F.   R.  Rico,  An.  Real  Soc.  Esp.    Fis.  y  Quim.   (Madrid)  [A] 
5h,  301  to  308  (1958).     I  P 

H.   L.  Garvin,  T.  M.   Green,  E.  Lipworth  and  W.  A.   Nierenberg,   Phys.   Rev. 
Lett.   1,  293  to  295  (1958).     hfs 

T.  M.   Green  III,  Thesis,   Univ.    Cal. ,   USASC,   UCRL-8730,   111  pp.    (1959). 
hfs 

J.   L.  Tech  and  C.    H.   Corliss,   J.  Res.   Nat.   Bur.   Std.   65A,   159  to  166 
(1961).     W  L 

R.  Ga'spar,  Acta  Phys.    (Budapest)  15,  257  to  273  (1963).      Theory 

J.  L.  Tech,   J.  Res.   Nat.  Bur.   Std.  67A,    505  to  S9x  (1963).      I  P,  T,   C  L, 
E  D 

C.  Jo  Humphreys  and  E.  Paul,  Jr.,  J.  Opt.  Soc.  Am.  55,  611  (A)  (1965). 
Obs.  Infrared,  Theory 

L.  N.  Tunitsky  and  E.  M.  Cherkasov,  J.  Opt.  Soc.  Am.  56,  1783  to  178U  (L) 
(1966).  Laser  Trans. 

R.  E.  Huffman,  J.  C.  Larrabee  and  Y.  Tanaka,  J.  Chem.  Phys.  U7,  856  to 
857  (1967).  Abs.  Series 

G.  M.  Lawrence,  Astroph.  J.  1U8,  26l  to  268  (1967).  Theory 

L.  J.  Radziemski,  Jr.,  J.  0pto  Soc.  Am.,  in  press  (A)  (October  1968). 
Theory 


U3 


BROMINE 
Br  ii 

Y.  B.  Rao,  Ind.  J.  Phys.  30,  95  to  96  (L)  (1956).   T 

Y.  B.  Rao,  Ind.  J.  Phys.  32,  U9?  to  5l5  (1958).   I  P,  T,  C  L 

W.  C.  Martin  and  J.  L.  Tech,  J.  Opt.  Soc.  Am.  5l,  591  to  59U  (196l).  T, 
[C  L],  Z  E,  hfs 

W.  E.  Bell,  A.  L.  Bloom  and  J.  P.  Goldsbrough,  IEEE  J.  Qu.  Electronics 
QE-1,  U00  (1965).  Laser  Trans. 

H.  G.  Cooper  and  P.  K.  Cheb,  IEEE  J.  Qu.  Electronics  QE-2,  785  (1966). 
Laser  Trans. 

W.  M.  Keeffe  and  W.  J.  Graham,  Phys.  Lett.  (Amsterdam)  20,  6U3  (1966). 
Laser  Trans. 


Br  in 

Y.  B.  Rao,  Ind.  J.  Phys.  30,  371  to  37U  (L)  (1956).  T 

Y.  B.  Rao,  Ind.  J.  Phys.  35,  386  to  U00  (1961).   I  P,  T,  C  L 

Br  iv 
W.  Finkelnburg  und  W.  Humbach,  Naturwiss.  U2,  35  to  37  (1955).   I  P 
Y.  B.  Rao,  Ind.  J.  Phys.  33,  5U6  to  5U7  (L)  (1959).   T,  C  L 

Br  v 
W.  Finkelnburg  und  W.  Humbach,  Naturwiss.  U2,  35  to  37  (1955).   I  P 

Br  vi 

W.  Finkelnburg  und  W.  Humbach,  Naturwiss.  U2,  35  to  37  (1955).   I  P 


BROMINE 
Br  vii 
W.   Finkelnburg  und  W.    Humbach,  Naturwiss.   1|2  j   35  to  37  (1955).      IP 


Br  ix 


B.  Edlen,  "Atomic  Spectra",  Hand,  der  Fhys.,  Encycl.  of  Phys.  2  7,  160 
(196U).  T  — 


KRYPTON  (Z  =  36) 
Kr  i 

E.  L.  Plyler,  L.  R.  Blaine  and  E.  D.  Tidwell,  J.  Res.  Nat.  Eur.  Std.  6^>, 
2  79  to  28U,  RP  2630  (1955).  W  L  Infrared 

E.  Rasmussen  and  V.  Middelboe,  Kgl.  Danske  Videns.  Selsk.  Mat.-Fys.  Medd. 
30,  No.  13,  21  pp.  (1955);  Zeit.  Phys.  lUl,  160  to  165  (1955).  I  S, 

C  L,  hfs 

C.  J.  Humphreys  and  E.  Paul,  Jr.,  U.  S.  Naval  Ord.  Lab.,  NAVORD  Report 
U600,  23  to  36  (1957);  NAVORD  Report  I1636,  32  pp.  (1958).  T,  C  L, 
Interf .  W  L  Infrared 

K.  M.  Baird  and  D.  S.  Smith,  J.  Opt.  Soc.  Am.  U8,  300  to  301  (1958); 
Can.  J.  Phys.  37,  832  to  8U0  (1959).   Interf.  W  L 

J.  Terrien,  Compt.  Rend.  2U6,  2362  to  236U  (1958).  W  L,  C  L 

M.  Thekaekara  and  G.  H.  Dieke,  Phys .  Rev.  109,  2029  to  2031  (1958).  C  L,  W  L 

F.  Bayer-Helms,  Zeit»  Phys.  l5U,  175  to  181  (1959).  hfs 

Yu.  P.  Efremov,  Trudy  Vsesoyuz,  Nauch.-Issledovatel.  Inst.  Metrol.  No.  kO, 
16  to  20  (1959);  see  Chem.  Abstr.  ^   25U59g  (196l).   Interf.  W  L 
Infrared 

C.  J.  Humphreys  and  E.  Paul,  Jr.,  J.  Opt.  Soc.  Am.  U9,  1186  to  1187 
(1959);  NAVWEPS  Report  5996,  23  to  k0   (I960).   C  L,  W  L  Infrared 

A.  Pery-Thorne  and  W.  R.  S.  Garton,  Proc.  Phys.  Soc.  (London)  76,  833  to 
8U3  (I960).  Abs.  Lines  Ultraviolet,  Autoionization 

U5 


KRYPTON 
Kr  i  -  Continued 

R.  L.  Barger  and  K.  G.  Kessler,  J.  Opt.  Soc.  Am.  5l,  827  to  829  (1961). 
Interf .  W  L 

C.  F.  Bruce  and  R.  M.  Hill,  Australian  J.  Phys.  lH,  6U  to  88  (196l);  15, 
152  to  161  (1962).   Interf.  W  L 

C.  J.  Humphreys,  B.  Paul,  Jr.  and  K.  B.  Adams,  NAVWEPS  Report  7205,  25  to 
52  (1961).   C  L,  Interf.  1  L  Infrared 

H.  Kuiper,  Zeit.  Phys.  165,  U02  to  Ul8  (1961).  hfs 

K.  M.  Baird  and  D.  S.  Smith,  J.  Opt.  Soc  Am.  52,  507  to  5lU  (1962). 
Primary  Standard 

C.  J.  Humphreys  and  E.  Paul,  Jr.,  NAVWEPS  Report  811*1,  29  to  U6  (1962). 
Theory,  C  L 

Y.  Toresson,  unpublished  material  (1962).   Obs.  Ultraviolet 

Ko  M.  Baird,  D.  S.  Smith  and  K.  H.  Hart,  J.  Opt,  Soc.  Am.  53,  7l7  to  720 
(1963).   Interf.  W  L 

W.  L.  Faust  and  L.  Y.  Chow  Chiu,  Phys.  Rev.  129,  12lU  to  1220  (1963).  hfs 

International  Committee  on  Weights  and  Measures,  J.  Opt.  Soc.  Am.  53,  U01 
(1963).  WL  Standards 

J.  A.  R.  Samson,  Phys.  Rev.  132,  2122  to  212U  (1963).  Autoionization 
Series 

R.  der  Agobian,  J.-L.  Otto,  R.  Cagnard  et  R.  Echard,  J.  de  Phys.  (Paris) 
25,  887  to  897  (196U).   C  L,  W  L  Infrared 

K.  Codling  and  R.  P.  Madden,  Phys.  Rev.  Lett.  12,  106  to  108  (196U). 
Inner  Shell  Abs .  Series 

B.  Edlen,  Trans.  Intern.  Astron.  Union  12A,  137  to  lU3  (196U).   W  L 
Standards 

W.  L.  Faust  and  R.  A.  McFarlane,  J.  Appl.  Phys.  35,  2010  to  20l5  (196i|). 
Theory 

W.  L.  Faust,  Ro  A.  McFarlane,  C.  K.  N.  Patel  and  C.  G.  B.  Garrett,  Phys. 
Rev.  133,  A1U76  to  A1U86  (196U).  Obso  Maser  W  L,  C  L  Theory 

C.  J.  Humphreys  and  E.  Paul,  Jr.,  NAVWEPS  Report  8213,  9  to  25  (196U). 
T,  C  L,  Interf.  W  L  1.2/4  to  3.5/* 

U6 


KRYPTON 

Kr  i  -  Continued 

R.  P.  Madden  and  K.  Codling,  J.  Opt.  Soc.  Am.  5U,  268  to  269  (L)  (196U). 
Autoionization  Series 

B.  Petersson,  Ark.  Fys.  (Stockholm)  2_7,  No.  23,  317  to  319  (196U).  T, 
C  L,  W  L  Vac.  Ultraviolet 

F.  M.  Phelps  III,  J.  Opt.  Soc.  Am.  5U,  Q6k   to  868  (196U).   Interf .  W  L 

J.  A.  R.  Samson,  Phys.  Lett.  (Amsterdam)  8,  107  to  109  (196U).  T 

L.  Minnhagen,  unpublished  material  (1968).  W  L 

A.  H.  Cook,  J.  Opt.  Soc.  Am.  55,  780  to  782  (1965).  W  L 

S.  Liberman,  Compt.  Rend.  261,  2601  to  260U  (1965).   C  L,  Laser  Obs. 
2/L   to  9JUL 

J.  D.  Dow  and  R.  S.  Knox,  Phys.  Rev.  152,  50  to  56  (1966).  Theory 

C.  J.  Humphreys  and  E.  Paul,  Jr.,  Naval  Ord.  Lab.  Cor.  NOLC  Report  688, 
7  to  2it  (1966).  T,  C  L,  Interf.  W  L 

R.  H.  Neusel,'  IEEE  J.  Qu.  Electronics  QE-2,  758  (1966).  Laser 

Trans . 

0.  Andrade,  M.  Gallardo  and  K.  Bockasten,  Appl.  Phys.  Lett.  11,  99  to  10C 
(1967).  C  L  Laser  Obs. 

K.  G.  Ericsson  and  L.  R.  Lidholt,  JEER  J.  Qu.  Electronics  QF-3,  9k   (1967), 
C  L  Superradiant  Trans . 

B.  Hernang,  Ark.  Fys.  (Stockholm)  33,  No.  3k,   U7l  to  U60  (1967).  T,  C  L, 
W  L  Infrared 

C.  J.  Humphreys  and  E.  Paul,  Jr.,  Naval  Ord.  Lab.  Cor.  NOLC  Report  7kk, 
17  to  38  (1967).  T,  C  L,  Interf.  W  L 

C.  J.  Humphreys,  E.  Paul,  Jr.,  R.  D.  Cowan  and  K.  L.  Andrew,  J.  Opt.  Soc. 
Am.  57,  855  to  86U  (1967).  T,  C  L,  W  L  iy*.  Region 

V.  Kaufman,  unpublished  material  (1967).  T,  C  L,  1  L 

F.  J.  Comes,  H.  G.  Salzer  and  G.  Schumpe,  Zeit.  Naturforsch.  A23,  137  to 
l5l  (1968).  Autoionization 

C.  J.  Humphreys  and  E.  Paul,  Jr.,  unpublished  material  (1968).   T,  C  L, 
Interf.  W  L 

U7 


KRYPTON 
Kr  ii 


M.  A.  Catalan  y  F.  R.  Rico,  An.  Real  Soc.  Esp.  Fis.  y  Quim.  (Madrid)  [A] 
5U,  301  to  308  (1958).  I  P 


P.  Laures,  L.  Dana  et  C.  Frapard,  Compt.  Rend.  258,  6363  to  6365  (I96I4). 
Laser  Trans. 

R.  der  Agobian,  J.-L.  Otto,  R.  Cagnard,  J.  Barthelemy  et  R.  Echard, 
Compt.  Rend.  260,  6327  to  6329  (1965).  Laser  Obs. 

W.  B.  Bridges  and  A.  N.  Chester,  IEEE  J.  Qu.  Electronics  QE-1,  66  to  8U 
(1965).   C  L,  W  L  Laser  Obs. 

T.  H.  E.  Cottrell,  D.  C.  Sinclair  and  J.  M.  Forsyth,  IEEE  J.  Qu.  Elec- 
tronics QB-2,  703  (1966).  Laser  Trans. 

R.  H.  Neusel,  IEEE  J.  Qu.  Electronics  2,  33U,  758  (L)  (1966).   C  L 
Laser  Obs. 

K.  G.  Ericsson  and  L.  R.  Lidholt,  IEEE  J.  Qu.  Electronics  QE-3,  9k   (1967), 
C  L  Superradiant  Trans. 

A.  M.  Johnson  and  C.  E.  Webb,  IEEE  J.  Qu.  Electronics  QE-3,  369  (1967). 
Laser  Trans. 

C.  J.  Humphreys  and  E.  Paul,  Jr.,  J.  Opt.  Soc.  Am.  58,  in  press  (1968). 
T,  C  L  Interf .  W  L 

L.  Minnhagen,  R.  Strihed  and  B.  Petersson,  Ark.  Fys.  (Stockholm), 
in  press  (1968).  Revised  Analysis 

L.  Minnhagen,  unpublished  material  (1968).  T,  C  L,  W  L  Vac.  ultraviolet 


Kr  in 


"W.  B.  Bridges  and  A.  N.  Chester,  IEEE  J.  Qu„  Electronics  QE-1,  66  to  8U 
(1965).   C  L,  W  L  Laser  Obs. 

R.  H.  Neusel,  IEEE  J.  Qu.  Electronics  QB-2,  106,  758  (L)  (1966).   C  L 
Laser  Trans. 

L.  Minnhagen,  On  program  at  Lund  (1968). 
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KRYPTON 
Kr  iv 
Y.  Toresson,  unpublished  material  (1962).   Obs.  Ultraviolet 
Lc  Minnhagen,  On  program  at  Lund  (1968). 


Kr  v 

B.  C.  Fawcett,  B.  B.  Jones  and  R.  Wilson,  Proc.  Phys.  Soc.  (London)  78, 
1223  to  1226  (1961).  H 

Y.  Toresson,  unpublished  material  (1962).   Obs.   Ultraviolet 


Kr  vi 

B.  C.  Fawcett,  B.  B.  Jones  and  R.  Wilson,  Proc.  Phys.  Soc.  (London)  78, 
1223  to  1226  (1961).  C  L 

Y.  Toresson,  unpublished  material  (1962).   Obs.   Ultraviolet 


Kr  vii 

B.  C.  Fawcett,  B.  B.  Jones  and  R.  "Wilson,  Proc.  Phys.  Soc.  (London)  78, 
1223  to  1226  (1961).   C  L 

Y.  Toresson,  unpublished  material  (1962).   Obs.  Ultraviolet 


Kr  viii 

B.  C.  Fawcett,  B.  B.  Jones  and  R.  Wilson,  Proc.  Phys.  Soc.  (London)  78, 
1223  to  1226  (1961).   C  L  """ 

Y.  Toresson,  unpublished  material  (1962).   Obs.   Ultraviolet 


Kr  ix 

B.  C.  Fawcett  and  A.  H.  Gabriel,  Proc.  Phys.  Soc.  (London)  8U,  1038  to 
10U0  (L)  (I96I4).   C  L 

H.  H.  Kim,  J.  Opt.  Soc.  Am.  58,  739  (A)  (1968).   I  P,  C  L 
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KRYPTON 
Kr  x 


B.    C.   Fawcett  and  A.    H.    Gabriel,   Proc.   Phys.   Soc.    (London)   8I4,   1038  to 
lOiiO  (L)   (196U).      C  L  """" 


RUBIDIUM  (Z  =  37) 
Rb  1 

C.  E.  Moore  and  P.  TAI.  Merrill,  Appendix  A:  Partial  Grotrian  Diagrams 
(1956),-  Nat.  Std.  Ref»  Data  Series,  Nat.  Bur.  Std.  NSRDS-NBS  23,  9 
(1968).   C  L  ~~ 

B.  Senitzky  and  I.  I.  Rabi,  Phys.  Rev.  103,  315  to  321  (1956).   hfs 

J.  C.  Hubbs,  W.  A.  Nierenberg,  H.  A.  Shugart,  H.  B.  Silsbee  and 
R.  J.  Sunderland,  Phys.  Rev.  107,  723  to  72  7  (1957).  hfs 

P.  L.  Bender  and  E.  C.  Beaty,  Phys.  Rev.  Lett.  1,  311  to  313  (1958).   hfs 

R.  A.  Fisher,  W.  C.  Knopf,  Jr.  and  F.  E.  Kinney,  Astrophys.  J.  130,  683 
to  687  (1959).   C  L,  W  L  Infrared 

H.  Bucka,  H.  Kopfermann  und  A.  Minor,  Zeit.  Phys.  161,  123  to  131  (1961). 
hfs 

D.  Conrad,  Zeit.  Phys.  162,  160  to  168  (1961).   hfs 

I.  Johansson,  Ark.  Fys.  (Stockholm)  20,  No.  7,  135  to  lU6  (1961).   I  P, 
T,  C  L  Infrared 

W.  Wilke,  Zeit.  Phys.  165,  562  to  568  (1961).  hfs,  Z  E 

S.  Penselin,  T.  Moran,  V.  W.  Cohen  and  G.  Winkler,  Phys.  Rev.  127,  52li  to 
528  (1962).  hfs,  Z  E 

P.  Feldman  and  R.  Novick,  Phys.  Rev.  Lett.  11,  2  78  to  281  (1963).  Auto- 
ionization  States,  E  D 

R.  L.  Driscoll,  Phys.  Rev.  136,  A5U  to  A57  (196U).   hfs,  Z  E 

K.  Murakawa  and  M.  Yamamoto,  J.  Phys.  Soc.  Japan  20,  1057  to  1060  (1965). 
Stark  Effect  Theory 

G.  zu  Putlitz  und  A.  Schenck,  Zeit.  Phys.  183,  I|28  to  U30  (1965).  hfs 

5o 


RUBIDIUM 

Rb  i  —  Continued 

H.  A.  Schussler,  Zeit.  Phys.  182,  289  to  305  (1965).   hfs 

K.  D.  B'oklen,  W.  Dankwort  and  E.  Pitz,  Phys.  Lett.  (Amsterdam)  21,  29U 
to  295  (1966).  Z  E 

H.  Bucka,  B.  Grosswendt  und  H.  A.  Schussler,  Zeit.  Phys.  IgU,  193  to  200 
(1966).  hfs 

R.  Marrus,  D.  McColm  and  J„  Ye 11 in,  Phys.  Rev.  1U7,  S^   to  59  (1966). 
Stark  Effect 

G.  zu  Putlitz  und  K.  V.  Venkatarmu,  Zeit.  Phys.  209,  hlO   to  U73  (1968). 
hfs 


Rb  ii 

H.  Kopfermann,  A.  Steudel  und  J.  0.  Trier,  Zeit.  Phys.  liiU,  9  to  12 
(1956).  T,  E  D,  hfs 

Mo  A.  Catalan  y  F.  R.  Rico,  An.  Real  Soc.  Esp.  Fis.  y  Quim.  (Madrid)  [A] 
5U,  301  to  308  (1958).   I  P 

P.  Feldman  and  R.  Novick,  Phys.  Rev.  Lett.  11,  2  78  to  281  (1963). 
Autoionization 


Rb  xi 
B.  Edlen,  "Atomic  Spectra",  Hand,  der  Phys.,  Encycl.  of  Phys.  27,  160 


(1961;).   T 


STRONTIUM  (Z  =  38) 

Sr  i 

C.  E.  Moore  and  P.  W.  Merrill,  Appendix  A:  Partial  Grotrian  Diagrams 
(1956);  Nat.  Std.  Ref.  Data  Series,  Nat.  Bur.  Std.  NSRDS-NBS  23,  19 
(1968).   C  L  ~~ 

R.  H.  Hughes,  Phys.  Rev.  105,  1260  to  1261  (1957).   I  S 
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STRONTIUM 
Sr  i  —  Continued 

K.  Codling,  unpublished  material  (December  I960).   I  P,  U  V  Absorption 
Series 

W.  R.  S.  Garton  and  K.  Codling,  Mem.  Soc.  R.  Liege  20,  193  to  197  (196l), 
Absorption  Series 

W.  R.  S.  Garton,  J.  Quant.  Spectrosc.  Rad.  Transfer  2,  335  to  3ip.  (1962), 
Absorption  Series 

N.  P.  Penkin  and  L.  N.  Shabanova,  Opt.  i  Spektr.  18,  7h9  to  755,  9  111  to 
9U6  (1965).   I  P,  Series 

W.  R.  S.  Garton,  G.  L.  Grasdalen,  W.  H.  Parkinson  and  E.  M.  Reeves, 
(Proc.  Phys.  Soc.  London)  At.  Mol.  Phys.  1,  111*  to  119  (1968).   C  L 
Autoionization 

I. -J.  Ma,  M.  J.  Mertens,  G.  zu  Putlitz  und  G.  Schiitte,  Zeit.  Phys.  208, 
266  to  275  (1968).  Z  E 


Sr  11 

C.  E.  Moore,  Atomic  Energy  Levels  2,  191  to  192  (1952).   Increase  n  by  1 
for  ng  series;  to  read  n  =  5  to  11 

C.  E.  Moore  and  P.  W.  Merrill,  Appendix  A:  Partial  Grotrian  Diagrams 
(19 56) j  Nat.  Std.  Ref.  Data  Series,  Nat6  Bur.  Std.  NSRDS-NBS  23,  13 
(1968).   C  L 

R.  H.  Hughes,  Phys.  Rev.  10|,  1260  to  1261  (1957).   I  S 

Y.  Shadmi,  Bull.  Research  Council  Israel  9F,  lluL  to  170  (1961).  Theory 


Sr  .111 
L.  Minnhagen,  On  Program  at  Lund  (1968). 


Sr  iv 

L.  Minnhagen,  On  Program  at  Lund  (1968). 
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STRQNTIUM 
Sr  xii 


B.   Edlen,   "Atomic  Spectra",   Hand  der  Phys.,  Encycl.    of  Phys.   27,   160 
(1961*).     T 


YTTRIUM  (Z  =  39) 

Y  i 

M.  A.  Catalan  y  F.  R.  Rico,  An.  Real  Soc  Esp.  Fis.  y  Quim.  (Madrid)  [A] 
1*8 ,  328  to  338  (1952).  I  P 

L.  F.  H.  Bovey,  Proc.  Phys.  Soc.  London  [A]  68,  79  to  80  (1955).   C  L 
Infrared 

C.  E.  Moore  and  P.  W.  Merrill,  Appendix  A:  Partial  Grotrian  Diagrams 
(1956);   Nat.  Std.  Ref.  Data  Series,  Nat.  Bur.  Std.  NSRDS-NBS  23,  1*3 
(1968).   C  L 

G.  Fricke,  H.  Kopfermann  und  S.  Penselin,  Zeit.  Phys.  l5U,  218  to  230 
(1959).  hfs 

S.  Penselin,  Zeit.  Phys.  l5U,  231  to  237  (1959).  hfs,  Z  E 

F.  R.  Peterson  and  H.  A.  Shugart,  Phys.  Rev.  128,  171*0  to  171*6(1962).  hfs 

M.  Elbel,  Ann.  der  Phys.  [7]  13,  217  to  236  (1961*).  hfs  Theory 

A.  B.  Hook  and  M.  P.  Thekaekara,  J.  Opt.  Soc.  Am.  5U,  1 1*1*5  to  ll*5l  (1961*). 
C  L,  W  L 


Y  ii 

M.  A.  Catalan  y  F.  R.  Rico,  An.  Real  Soc.  Esp.  Fis.  y  Quim.  (Madrid)  ^A] 
U8,  328  to  338  (1952).  I  P 

L.  F.  H.  Bovey,  Proc.  Phys.  Soc.  London  [A]  68,  79  to  80  (1955).  C  L 
Infrared 

C.  E.  Moore  and  P.  W.  Merrill,  Appendix  A:  Partial  Grotrian  Diagrams 
(19 56) j  Nat.  Std.  Ref.  Data  Series,  Nat.  Bur.  Std.  NSRDS-NBS  23,  1*1 
(1968).   C  L 

53 


YTTRIUM 

Y  ii  -  Continued 

Y.  Shadmi,  Bull.  Research  Council  Israel  9F,  lUl  to  170  (1961).  Theory 

A.  B.  Hook  and  M.  P.  Thekaekara,  J.  Opt.  Soc.  Am.  5U,  1UU5  to  lH5l  (1°6U), 
W  L 

J.  W.  Swensson,  Observatory  86,  No.  952,  123  to  125  (1966).  Solar  Ident. 


Y  in 
C.  C.  Kiess,  J.  Research  Nat.  Bur.  Std.  56,  167  to  177,  RP2663  (1956).  I  P 

M.  A.  Catalan  y  F.  R.  Rico,  An.  Real  Soc.  Esp.  Fis.  y  Quim.  (Madrid)  [A] 
53,  85  to  9U  (1957).  I  p 

Y.  Shadmi,  J.  Research  Nat.  Bur.  Std.  _70A,  li35  to  Hx5   (1966).  Theory 

R.  D.  Cowan,  J.  Opt.  Soc.  Am.  58,  92li  to  933  (1968).  Theory 


Y  iv 
R.  D.  Cowan,  J.  Opt.  Soc.  Am.  58,  921|  to  933  (1968).  Theory 


Y  v 

B.  Edlen,  letter  (March  1958).   Published  analysis  needs  revision. 

B.  Edlen,  "Atomic  Spectra",  Hand,  der  Phys.,  Encycl.  of  Phys.  27,  I8I4. 
(1961;).  T  ~ 


Y  xm 

B.  Edlen,  "Atomic  Spectra",  Hand,  der  Phys.,  Encycl.  of  Phys.  27,  160 
( 196U) .  T 


5U 


ZIRCONIUM  (Z  =  40) 

Zr  i 

M.  A.  Catalan  y  F.  R.  Rico,  An.  Real  Soc.  Esp.  Fis.  y  Quim.  (Madrid)  [A] 
U8,  328  to  338  (1952).  I  P 

C.  E.  Moore  and  P.  W.  Merrill,  Appendix  A:  Partial  Grotrian  Diagrams 
(1956);  Nat.  Std.  Ref.  Data  Series,  Nat.  Bur.  Std.  NSRDS-NBS  23,  hi 
(1968).  C  L 

W.  E.  W.  Howe,  J.  Opt.  Soc.  Am.  U8,  28  to  30  (1958).   G  L,  W  L 

Iu.  P.  Dontsov,  Opt.  i  Spektr.  6,  1  to  3  (1959).   I  S,  C  L 

K.  Heilig,  K.  Schmitz  und  A.  Steudel,  Zeit.  Phys.  176,  120  to  125  (1963). 
I  S 


Zr  ii 

C.  C.  Kiess,  J.  Opt.  Soc.  Am.  U3,  102U  to  1026  (1953).  T,  C  L  Infrared 

M.  A.  Catalan  y  F.  R.  Rico,  Letter  (Dec.  1956).   I  P 

C.  E.  Moore  and  P.  W.  Merrill,  Appendix  A:  Partial  Grotrian  Diagrams 
(1956);  Nat.  Std.  Ref.  Data  Series,  Nat.  Bur.  Std.  NSRDS-NBS  23,  h$ 
(1968).  C  L 

W.  E.  W.  Howe,  J.  Opt.  Soc.  Am.  U8,  28  to  30  (1958).   C  L 

Y.   Shadmi,  Bull.  Research  Council  Israel  9F,   lUl  to  170  (1961).     Theory 


Zr  in 

C.  C.  Kiess,  J.  Research  Nat.  Bur.  Std.  56,  167  to  177,  RP2663  (1956). 
I  P,  T,  C  L,  E  D 

M.  A.  Catalan  y  F.  R.  Rico,  An.  Real  Soc.  Esp.  Fis.  y  Quim.  (Madrid)  [A] 
53,  85  to  9U  (1957).   I  P 

Y.  Shadmi,  J.  Research  Nat.  Bur.  Std.  70A,  U35  to  hhS   (1966).  Theory 


^ 


ZIRCONIUM 
Zr  iv 

C.   C.   Kiess,   J.   Research  Nat.   Bur.   Std.   56,   167  to  177,  RP2663  (1956), 
I  P,  T,   C  L,   G  D 

R.   D.   Cowan,   J.   Opt.   Soc.   Am.    58,  921|  to  933  (1968).     Theory 
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